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Zymoseptoria tritici is a filamentous fungus causing Septoria tritici blotch in wheat. The pathogen has 24 a narrow host range and infections of grasses other than susceptible wheat are blocked early after 25 stomatal penetration. During these abortive infections the fungus shows a markedly different 26 expression pattern. However, the underlying mechanisms causing differential gene expression during 27 host and non-host interaction are largely unknown, but likely include transcriptional regulators 28 responsible for the onset of an infection program in compatible hosts. In the rice blast pathogen 29
Magnaporthe oryzae, MoCOD1, a member of the fungal Zn(II)2Cys6 transcription factor family, has 30 been shown to directly affect pathogenicity. Here, we analyse the role of the putative transcription 31 factor Zt107320, a homolog of MoCOD1, during infection of compatible and incompatible hosts by Z. 32 tritici. We show for the first time that Zt107320 is differentially expressed in host versus non-host 33 infections and that lower expression corresponds to an incompatible infection of non-hosts. Applying 34 reverse genetics approaches we further show that Zt107320 regulates the dimorphic switch as well 35 as the growth rate of Z. tritici and affects fungal cell wall composition in vitro. Moreover, ∆Zt107320 36 mutants showed reduced virulence during compatible infections of wheat. We conclude that 37
Introduction
42
The fungus Zymoseptoria tritici (synonym Mycosphaerella graminicola) infects wheat and causes the 43 disease Septoria tritici blotch. The pathogen is found worldwide where wheat is grown and can cause 44 severe reduction in yield (Fones and Gurr, 2015) . Upon infection, the fungus enters the leaf through 45 stomata and establishes a hyphal network in the mesophyll. It propagates without causing visual 46 symptoms for 7-14 days before inducing necrosis and producing pycnidia -asexual fructifications, 47
where pycnidiospores are produced that can spread via contact or rain-splash to neighbouring leaves 48 (Brading et al. 2002 
Results
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Phylogenetic analysis of Zt107320 112
In order to determine the distribution of homologs of Zt107320 we performed a similarity search on 113 the protein level among putative fungal transcription factors. Among the 30 best matches 17 are 114 found among either plant pathogens or plant associated fungal organisms, however this association 115
does not appear to be monophyletic (fig 1 a) . Among the thirty best hits, the M. oryzae homolog 116
MoCod1 and the Alternaria brassicola homolog AbPf2 have been functionally analysed. Deletion of 117 the AbPf2 resulted in non-pathogenic strains (Cho et al. 2013 ). In the wild-type expression of AbPf2 118 decreased after initial colonization of host tissues and the authors conclude that AbPf1 regulates 119 pathogenesis (Cho et al. 2013 ). Among these highly conserved putative transcription factors two 120 protein domains are shared: Zn(2)-C6 fungal-type DNA binding domain superfamily (IRP036864) and 121 the transcription factor domain (IRP007219), indicating a functional role of the putative transcription 122 factors (see fig. 1 Building on this expression analysis, we focused on the putative transcription factor Zt107320 and 160 validated the expression kinetics of Zt107320 by RT-qPCR. We confirmed differential expression at 8 161 dpi (fig 2b) . Expression in the non-host B. distachyon was greatly reduced at 8 dpi compared to 162 expression in axenic cultures, whereas the expression of Zt107320 during a compatible infection of 163 the host T. aestivum was strongly upregulated during the course of the infection until 21 dpi. The localization of Zt107320 within fungal cells was analysed using complementation strains that 181 expressed a Zt107320_eGFP fusion protein regulated by the native promotor. During yeast-like 182 growth on YMS media, the GFP-fusion protein appeared to be located in the nucleus or in its 183 immediate vicinity (see fig 3) . This localization is similar to the reported nuclear localization of the 184 homolog AbPf1 (Cho et al. 2013) 5, fig S2) . Interestingly, xylose as sole carbon source led to 235 predominant hyphal growth in the wild type strain, which contrasts to the mainly yeast-like growth 236 observed in the presence of all other tested carbohydrates. For xylose as sole carbon source, overall 237 growth is markedly increased compared to the minimal medium lacking a carbon source indicating 238 that xylose can be utilized by Z. tritici as a carbon source. The deletion of Zt107320 affected fungal 239 growth morphology on all tested carbon sources. Compared to the wildtype and the 240 complementation strains, we observed increased hyphal growth for the ∆Zt107320 strains on all 241 carbon sources after 14 days of incubation, except for cellulose ( fig 5, fig S2) . In particular, 242 supplementation of the monosaccharides fructose, glucose and xylose caused substantially 243 pronounced hyphal growth when Zt107320 was deleted. The wildtype phenotype was restored in 244 both complementation strains confirming that Zt107320 plays a role in the regulation of growth in Z. and led to increased growth. The two strains in which Zt107320 was deleted independently showed 251 an increase in hyphal growth compared to the wildtype, while in the two complementation strains 252 the wildtype colony morphology was restored. 253 254 Zt107320 affects the ability of Z. tritici to produce pycnidia 255
We next addressed whether the impact of Zt107320 deletion on growth rate, the dimorphic switch 256 and cell wall properties also influence the ability of Z. tritici to infect its host, T. aestivum. We 257 inoculated a predefined area of the second leaf of the susceptible wheat cultivar Obelisk and 258 measured the number of pycnidia 21 days post infection. We observed a pronounced reduction in 259 the production of pycnidia for the Zt107320 deletion strains. The density of pycnidia per cm 2 of 260 infected leaf area was reduced significantly for both independent deletions of Zt107320 (ANOVA, 261 p<1*10 -7 , p=0.002) (fig 6 a, b) compared to the wildtype. Complementing the Zt107320 in-locus fully 262 restored the wildtype phenotype in planta. As the density of pycnidia is considered to be a 263 quantitative measure for virulence (Stewart et al. 2016) , significantly decreased pycnidia production 264 indicates reduced virulence of mutants. Thus, we conclude that the putative transcription factor 265 Zt107320 by its effect on the growth rate, the dimorphic switch and the cell wall properties affects 266 the fitness of Z. tritici during infection of the compatible wheat host. 267 268 In conclusion, we showed that Zt107320 affects the fitness of the wheat pathogen Z. tritici. Zt107320 334 is differentially expressed in host and non-host environments, being upregulated during the early 335 stages of infection on compatible hosts and down-regulated on non-hosts. This down-regulation 336 corresponds to a considerably reduced growth and halted infections of Z. tritici after stomatal 337 penetration of the non-host B. distachyon. In addition, we could confirm that Zt107320 has a nuclear 338 localisation, consistent with its putative function as a transcription factor and that it further regulates 339 the dimorphic switch between yeast-like and hyphal growth that is considered to be essential for 340 pathogenicity. We therefore hypothesize that the putative transcription factor Zt107320 is part of to 341 the regulatory network that controls host-associated growth and development, integrating signals 342 that differ between compatible and non-compatible infections. homologs from the sister species Z. pseudotritici and Z. ardabiliae a total of the 30 best matches 366 were retrieved. Alignments were constricted using MUSCLE (Edgar, 2004 ) and trees constructed 367 using Neighbour-Joining algorithm building a consensus tree using 1000 bootstrapping replicates. 368
Protein domains of the consensus sequence were identified using InterProScan (Quevillon et al. and integration was confirmed using PCR and Southern blot analysis by standard protocols. In short, 414 genomic DNA was isolated using Phenol-Chloroform isolation (Sambrook and Russell, 2001) . 415
Restriction digestion was performed using PvuII, followed by gel-electrophoresis, blotting and 416 detection using Dig-labelled probes binding to the upstream and downstream flank of Zt107320 ( fig.  417   S2 ). In total four ∆Zt107320 strains, and two ΔZt107320::Zt107320-eGFP strains were created. 418
419
Isolation of fungal DNA and Southern blot analysis 420 DNA was isolated using phenol/chloroform applying a protocol previously described (Sambrook and 421 Russell, 2001 ). Transformants were first screened using a PCR based approach detecting the 422 resistance cassette and the endogenous locus. Candidate transformants were further confirmed by 423
Southern blot analysis using a standard protocol (Southern, 1975) . Probes were generated using the 424 PCR DIG labelling Mix (Roche, Mannheim, Germany) according to the manufacturer's instructions 425 (Table S1) . 426 427
In vitro phenotyping 428
The Z. tritici strains were grown on YMS solid medium for 5-7 days at 18°C before the cells were 429 scraped from the plate surface. For the determination of the growth rate, the cells were resuspended 430
and counted. The cell density was adjusted to 50000 cells/mL and 175µl of the cell suspension was 431 added to a well of a 96 well plate. Plates were inoculated at 18°C at 200 rpm with the OD600 being 432 measured twice daily on a Multiskan Go plate reader (Thermo Scientific, Dreieich, Germany) ( Table  433 S2). Estimation of the growth rate was done by employing the logistic growth equation as 434 implemented in the growthcurver package (version 0.2.1) in R (version R3.4.1) (R Core . 435
For the determination of the in vitro phenotypes, the cell number was adjusted to 10 7 cells/mL in 436 ddH2O and serially diluted to 10 3 cells/mL. 3 µL of each cell dilution was transferred onto YMS agar 437 including the tested compounds and incubated for seven days at 18°C or 28°C. To test high osmotic 438 stresses 0.5 M NaCl, 1 M NaCl, 1M Sorbitol, 1.5 M Sorbitol, 2 M Sorbitol (obtained from Carl Roth 439 GmbH, Karlsruhe, Germany) were added to the YMS solid medium. To test cell wall stresses 300 440 µg/mL and 500 µg/mL Congo red and 200 µg/mL Calcofluor (obtained from Sigma-Aldrich Chemie 441
GmbH, Munich, Germany) were added to the YMS solid medium. Finally, to determine the effect of 442 reactive oxygen species on the mutant growth morphology 2 mM H2O2 (obtained from Carl Roth 443
GmbH, Karlsruhe, Germany) was added to the YMS solid medium. 444
To test whether the Zt107320 affects the hyphal growth of Z. tritici and the ability of the fungus to 445 use different carbon sources we used minimum media (MM) as described in (Barratt et al. 1965) . 446
Glucose, fructose, xylose, mannose, galactose, sorbitol, mannitol, sucrose and cellulose were added 447 at a final concentration of 10 g/L and 20g/L agar were included. Strains were grown on YMS solid 448 medium for 7 days and scraped into ddH2O, the cell number adjusted to 10 for 21 days post inoculation at 90% relative humidity (RH). At 21 dpi the infected leaves were cut and 463 taped to sheets of paper and pressed for five days at 4°C before being scanned at a resolution of 464 2400 dpi using a flatbed scanner (HP photosmart C4580, HP, Böblingen, Germany). Scanned images 465 were analysed using an automated image analysis in Image J (Schneider et al. 2012 
Statistical analysis 470
Statistical analyses were conducted in R (version R3.4.1) (R Core using the suite R Studio 471 (version 1.0.143) (RStudio . Data inspection showed a non-normal distribution for all 472 data sets, including the measured pycnidia density (pycnidia/cm 2 ). Therefore, we performed an 473 omnibus analysis of variance using rank-transformation of the data (Conover and Iman, 1981 ) 474 employing the model: pycnidia density ~ strain * experiment and r ~ strain, respectively. Post hoc 475 tests were performed using Tukey's HSD (Tukey, 1949) . 
